ABSTRACT Objectives: Adolescence is a period of increased risk for mental health problems and development of associated lifestyle risk behaviours. This study examined cross-sectional and longitudinal associations between obesogenic risk factors, weight status, and depressive symptomatology in a cohort of Australian adolescents.
Results: Increased physical activity was associated to lower depressive symptomatology among males (OR=0.35, p<0.05). Sweet drink (OR=1.15, p<0.05) and takeaway consumption (OR=1.84, p<0.05) were associated with higher levels of depressive symptomatology among females at follow-up. Males who were classified as overweight or obese at baseline, and remained so over the study period, were at increased risk of depressive symptomatology at followup (b=1.63, 95% CI 0.33 to 2.92). Inactivity among males over the 2-year study period was predictive of higher depressive symptomatology scores at follow-up (b=2.55, 95% CI 0.78 to 4.32). For females, those who increased their consumption of takeaway foods during the study period were at increased risk for developing depressive symptomatology (b=1.82, 95% CI −0.05 to 3.71).
Conclusions: There are multiple, probably complex, relationships between diet, physical activity and outcomes of obesity and mental health as well as between the outcomes themselves. Healthier diets and increased physical activity should be foundations for healthier body weight and mental health.
Trial registration number: ACTRN12615000842561;
Results.
BACKGROUND
In Australia, it has been shown that 1 in 4 young people will have had a depressive disorder by the end of adolescence 1 and a similar proportion of children and adolescents aged 5-17 years are overweight or obese. 2 Obesity and mental health issues often co-occur, 3 and may share underlying risk factors including low physical activity, [4] [5] [6] excess sedentary behaviours, 7 8 and poor diet quality. 7 9 Depressive symptomatology is the grouping of symptoms that categorise depression,
Strengths and limitations of this study
▪ This study examined a large-scale prospective sample of Australian adolescents and evaluated the complex associations between mental health, weight status and behaviours known to promote obesity. ▪ Risk factors underlying obesity have been shown to interact with mental health yet longitudinal associations are not yet well understood among adolescents. ▪ Between individual variability is limited by the repeat measures design and this is a significant strength of this research. ▪ Both diagnostic and continuous measures of depressive symptomatology are evaluated in this study, and this has been shown to be an appropriate measure for adolescent samples. ▪ Although previously validated in adolescent samples, self-report measures were used in this study and this poses validity concerns.
including low mood and loss of pleasure in everyday activities that is beyond typical negative emotions that an individual would experience. 10 Depressive symptomatology often first appears in adolescence and is likely to carry on into adulthood, 11 manifesting as clinical depression later in life. 12 A range of social, emotional, familial and biological factors are known contributors to onset of depression and depressive symptomatology and experiences can vary case by case. 13 Prevalence estimates for adolescents vary widely, with community studies reporting estimates of depressive symptomatology ranging from 13% to 33%. 10 14-18 There is a large proportion of adolescents overall experiencing depressive symptomatology and studies aforementioned, and other research findings, 19 20 indicate that female adolescents are particularly affected.
There is a need for multidimensional approaches to adequately deal with the complexity of mental health issues, and this has given way to novel approaches to the underlying mechanisms of mental health issues including the influence of modifiable lifestyle behaviours. Our recent systematic review 21 examined the associations between key obesogenic risk factors, including physical activity, sedentary behaviours, diet and weight status, with outcomes of depression among adolescent samples. Associations between overweight and obese weight status and depression appeared most commonly in females, 22 23 and improved mental health was revealed as a result of physical activity and sporting club participation among males. 6 24 Studies were characterised by non-representative samples with suboptimal study design and methodology. A key finding of the review was the need for more longitudinal studies to determine directionality of associations among weight status, depression and lifestyle risk factors.
Examining the influence of these risk factors is an important step in mental health research based on the known interactions between obesogenic behaviours and other non-communicable diseases, the comorbidity between such diseases and mental health 3 and the major changes in lifestyle seen in the past century. 25 An understanding of these contributions will assist in developing interventions to maximise improvements in depression and other mental health outcomes that has often been overlooked in previous intervention studies in favour of obesity-related objectives. 26 This study examines the depressive symptomatology outcomes, indicated by the Short Mood and Feelings Questionnaire (SMFQ), 27 of the Australian Capital Territory It's Your Move (ACT IYM) project, a 3-year obesity prevention intervention that ran from 2012 to 2014 (inclusive). Baseline findings have previously been reported. 16 The aim of the current study was twofold: (1) to re-examine cross-sectional associations at follow-up as an extension of the baseline findings; and (2) to evaluate longitudinal associations between depressive symptomatology at follow-up, and changes in obesogenic risk behaviours and weight status over the 2-year study period. Previous research and baseline findings indicated significant gender differences in these health issues, and therefore this study stratified analyses by gender to explore the unique associations for male and female adolescents. The ecological systems theory 28 informed this study, as it assumes a broad range of factors operating at many levels (individual, family, community) occur simultaneously to impact on health outcomes.
METHODS

Intervention design
The ACT IYM was an intervention study aimed at preventing obesity through comprehensive school-based and community-based approaches to facilitating healthier lifestyles. The project was based on the successful It's Your Move! intervention in the Australian state of Victoria. The ACT IYM adopted a systems-based approach that aimed to target multiple levels within the school communities. The data for the evaluation of the ACT IYM were collected in May 2012 at baseline, and follow-up in May 2014. The intervention involved developing and implementing a healthy food at school policy, community capacity building within schools and community organisations, social marketing and programmes aimed at improving nutrition and physical activity systems.
To examine the ACT IYM intervention effect, a regression analysis was run with SMFQ scores as the outcome and the interaction between wave of data collection and study condition as the predictor plus relevant covariates. The interaction was found to be non-significant so the intervention and comparison groups have been combined in the current study (analysis not presented). Important limitations arising from this method are reported in the discussion section of this paper, however it was expected that controlling for school which participant attended was sufficient to account for potential confounding effects that may have occurred.
Study design and participants
The study design was quasi-experimental, repeated measures, using a longitudinal cohort follow-up. The intervention and comparison sites were in the Canberra region of the Australian Capital Territory (ACT) ( population 357 220). Schools were selected and invited to participate by the ACT Health Directorate. All six participating schools were government schools. Students in years 7 and 8 were invited to participate in baseline measures and no exclusion criteria were set.
Consent and permissions
The ACT IYM trial was registered with Australian New Zealand Clinical Trials Registry (ACTRN1261 5000842561). All students and their parents provided written consent prior to participation in the project.
Measures
Depressive symptomatology was measured by the SMFQ, which contained 13 self-report items aimed at rapidly assessing depressive symptomatology for children and adolescents. 27 The SMFQ comprises items relating to mood states, asking participants to indicate how they had been feeling or acting in the past 2 weeks. Full details on the development of the full questionnaire can be found in Angold et al. 27 Statements such as 'I felt so tired I just sat around and did nothing' were rated on a three-point scale, where 0=not true, 1=sometimes, 2=true. This resulted in a possible score range of 0-26. Prior research has shown that the SMFQ has high internal consistency (Cronbach's α frequently >0.85) (23) . The SMFQ items showed high internal reliability in baseline (Cronbach's a=0.88) and follow-up (Cronbach's a=0.91) analyses in this study. The SMFQ has been shown to correlate with other well-validated measures of depression including the Children's Depression Inventory and the Diagnostic Interview Schedule for Children's Depression Scale. 27 29 Cross-sectional analyses used a dichotomous measure of depressive symptomatology, whereby depressive symptomatology was categorised as scores of 10 or above as consistent with previous studies using this instrument. 30 31 An important aspect of this research was to re-examine cross-sectional analyses completed in 2012, 16 at the 2014 time point. A dichotomous variable was used at baseline and again utilised in the current study for comparable cross-sectional analyses.
Longitudinal analyses used the total SMFQ score as a continuous variable as the outcome variable in this study. Research has supported using the total sum score of the SMFQ as a continuous measure of depressive symptom severity among adolescents. [32] [33] [34] A continuous approach is more sensitive to change than evaluating whether an individual met or did not meet the SMFQ cut-off at either or both time points. The continuous measure allowed the magnitude of change to be evaluated as opposed to change in category.
The Adolescent Behaviours, Attitudes and Knowledge Questionnaire (ABAKQ) 35 36 contained self-report questions about physical activity, sedentary and dietary behaviours. The ABAKQ is a collection of questions from the 1995 Australian National Nutrition Survey, New Zealand 2002 National Children's Survey and National Health and Medical Research Council Dietary Key Indicators Study and has shown reliability and validity among adolescents. 36 Physical activity behaviours were assessed by students' responses of either 'mostly played active games', 'mostly stood or walked' or 'mostly just sat down' during recess and lunch on the last school day. Students also reported whether they participated in 'sport, dance or active games' on the last school day with either 'yes' or 'no'. Students were classified as inactive/ low physical activity or moderately active/highly active, based on a value attributed to each response. Adolescents who were moderately/highly active played active games at least once during last school day and participated in sport, dance or active games. Those active not more than once on the last school day were categorised as inactive/low physical activity.
Leisure time screen-based sedentary behaviours were measured by items related to television viewing (including videos and DVDs) and three questions related to playing video games and using the computer (other than for homework), on a single school day, and Saturday and Sunday, then calculated to provide a daily estimate. This final estimate was then dichotomised according to whether it met (≤2 h/day) or exceeded (>2 h/day) the recommendations for maximum screen time activities advised by the Australian Government for adolescents.
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Diet-related items from the ABAKQ were used to measure consumption of fruit and vegetables, sweet drinks and takeaway food. Fruit and vegetable consumption was derived from participant's responses to how many servings of fruit/vegetables they consumed on the last school day, including those eaten at home. Responses were dichotomised into those participants who met WHO recommendations of minimum five servings (400 g) of fruit and vegetables per day, and those who failed to meet this recommendation. 38 A continuous index of average daily glasses of sweet drink consumed was derived by combining (summing) responses to two questions: one asked how many glasses of soft drink or energy drinks they had consumed on the last school day, and the other asked how many glasses of fruit drinks or cordial they had consumed on the last school day. Takeaway food consumption was measured by one question ('How often do you usually eat food from a takeaway?'), with five response options of 'once a month or less', '2-3 times a month', 'once a week', '2-3 times a week', or 'most days'. Owing to small proportions in some categories these data were dichotomised into 'less than once a month/2-3 times a month' or 'once a week/most days' to facilitate analysis.
Participants' height and weight were measured in a separate space, screened from other students, by gendermatched researchers trained in anthropometrics and body image protection. Measurements were taken in light clothing and without shoes. Weight was measured to the nearest 0.5 kg using electronic scales (A&D Personal Precision Scale (UC-321)) and height was measured using a stadiometer (Charder Portable Stadiometer Height Rod HM200P). Body mass index (BMI) z score and weight status was calculated using the WHO 2007 reference age-specific BMI cut-offs. 39 Given the small number of thin (low BMI) participants (<2%), this category was combined with normal weight.
Demographic characteristics were self-reported in the ABAKQ, including ethnicity, year level, and age. Participants were asked to indicate 'Which ethnic group do you most associate with?'. The responses options were European Australian, Indian, Chinese, Indigenous Australian, or Other. The number of participants who identified with ethnicities other than European Australian was low (<3%) and was therefore combined with 'other' category. Parents' level of education that was used as a proxy for household socioeconomic position was requested on the parent's consent form that was completed prior to students' participation in data collection.
STATISTICAL ANALYSIS
Analyses were conducted using STATA release V.13.1 (Stata Corp., College Station, Texas, USA, 2013). All variables were checked for missing data, and in all cases there were <5% missing. Little's Missing Completely at Random test 40 was used to determine that data were missing completely at random, which was found to be non-significant (χ 2 (102, n=634) = 86.7, p=0.86)) and therefore case-wise deletion was used where relevant. Histograms and calculations of skew and kurtosis values were used to check continuous variables for normality -normality assumptions met conventional standards. 41 Demographic data were analysed using descriptive statistics, and any differences between males and females at baseline were tested for significance using independent sample Student t tests or Pearson's χ 2 test (table 1) . Changes in proportions from baseline to follow-up were tested for significance for within group (baseline to follow-up) using Newcombe's 42 paired differences (table 2) .
Cross-sectional analyses
Cross-sectional analyses were performed on the follow-up ( postintervention) data collected in 2014 (baseline associations previously reported 16 ) with all analyses stratified by gender. ORs were calculated for the association between each independent variable (IV) and the dependent variable; depressive symptomatology using a sequential multiple logistic regression with a forward stepwise approach. All models were tested for significance of covariates; school attended, age, and parent's level of education. Those covariates that were significant univariate predictors were retained in subsequent models. Model 1 reports the OR for each predictor IV entered into separate models with the outcome of depressive symptomatology at follow-up. The univariate cut-off p value for multivariable analyses was set at p<0.25 to ensure maximum identification of predictor variables as recommended by prior research that reported p<0.05 failed to identify variables known to be significant in multivariate models. [44] [45] [46] Significant predictors found in model 1 were then entered in order of independent contribution (based on significance value at p<0.25) to univariate relationship, such that each represented a new iteration of the model. No further IVs were added to the model once all previously identified variables were included. Variance Inflation Factor indexes indicated no severe multicollinearity as all indexes met cut-off <4 as indicated by prior research. 47 Longitudinal analysis Separate multivariate regression models for males and females were completed on the outcome variable depressive symptomatology (total SMFQ score) at follow-up with each of the following predictor variables; change in physical activity, screen time, dietary behaviours and weight status. Change variables were based on selfreported obesogenic risk behaviours and objectively measured height and weight at baseline and follow-up. For example, an individual may have been inactive or active at both time points, or they might have become inactive at follow-up, or become active at follow-up giving four possible categories for each change variable. Baseline depressive symptomatology was controlled for as were various other potential confounders including the school the student attended, and parent's level of education. All results were considered significant at p<0.05.
RESULTS
The overall baseline response rate was 56.5% and of these, approximately three quarters (74.5%) participated in follow-up data collection. Reasons for participants lost to follow-up were refusal (3.2%), unavailable (7.2%), or moved elsewhere (15.1%) and there were no 22 24 †p<0.05 Significance for change within group from baseline to follow-up using Newcombe's paired difference, 42 or paired Student t test. ‡Exceeded Australian Government daily screen-based media guidelines of 2 h or less per day. §Defined by WHO age-specific and sex-specific cut-offs based on body mass index z scores. 32 ¶Did not meet WHO guidelines of 400 g/day. **Daily mean and SD of glasses of sweet drinks consumed (including soft drinks, energy drinks, cordial and fruit drinks). 
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Open Access statistical differences between baseline characteristics between those who were followed up and those not followed up. Participants were 296 (47%) males and 338 (53%) females (table 1) , with mean age at baseline being 13 years (SD=0.6 years) and 15 years (SD=0.6 years) at follow-up. Females experienced a significant increase in the proportion classified with depressive symptomatology from baseline to follow-up and in the total SMFQ score (table 2). Males and females experienced significant increases in daily hours of screen time, inactivity, and frequency of takeaway consumption.
Cross-sectional associations revealed physical activity level was associated significantly with depressive symptoms in univariate and multivariate models for males (table 3) . Lower odds of depressive symptomatology (OR=0.35, p<0.05) were found in male adolescents who were categorised in the moderately active/highly active category compared with low active or inactive males. For adolescent females, higher sweet drink consumption (OR=1.15, p<0.05) and takeaway consumption (OR=1.84, p<0.05) were significantly associated with higher levels of depressive symptomatology after accounting for other possible contributing variables. Screen time was deemed statistically inappropriate due to low cell size and possibility of complete separation and was therefore removed from these, and consequential models.
Longitudinal analyses revealed males who were classified as overweight or obese at baseline and remained overweight/obese at follow-up reported significantly increased depressive symptomatology total scores (b=1.63, 95% CI 0.33 to 2.92) compared with males who were normal weight at both time points (table 4) . Males who were classified as inactive at both time points also experienced significantly increased depressive symptomatology scores (b=2.55, 95% CI 0.78 to 4.32) compared with active males. For females, those who reported monthly consumption of takeaway foods or less at baseline but increased to weekly or daily consumption at follow-up had increased odds of depressive symptomatology at follow-up (b=1.82, 95% CI −0.05 to 3.71). All models accounted for baseline depressive symptomatology total scores.
DISCUSSION
The aim of this study was to examine follow-up crosssectional and the longitudinal associations between obesogenic risk behaviours and weight status and depressive symptomatology. This study demonstrated that some risk factors for obesity were concurrent and longitudinal predictors of depressive symptomatology among male and female adolescents. Ecological systems theory underpins this discussion, assuming that findings represent complex interactions between a range of factors operating at many levels surrounding an individual. Explanations for the observed results are made with respect to such complexity.
Depressive symptomatology prevalence was consistent with previous literature as were the gender differences found in this study. Specifically, it has been reported that depressive symptomatology increases during adolescence, 48 and that increases are more common in groups of females, while stable or decreasing prevalence was more common among males. 19 20 Our results identified a large proportion of young women experiencing difficulties, or at risk for developing symptomatology in older adolescence, and support is needed for this vulnerable group.
It is possible that depressive symptomatology measures may not adequately capture the proportion of males suffering. It has been reported that there may be conflict between historical male gender role expectations and acknowledgement of personal problems, emotional awareness and vulnerability that characterises reporting mental health issues such as depression. 49 Males may be less likely to seek mental health support services and †Defined by WHO age-specific and sex-specific cut-offs based on body mass index z scores. ‡WHO guidelines of 400 g/day. §Change in daily mean sweet drink consumption from baseline to follow-up.
there are higher rates of suicide in the male population compared with the female population. 50 Although the increased risk for female adolescents is reported in this study and elsewhere, the determinants of this gender difference are far from established and it is therefore important to examine female and male experiences to ensure that those in need of mental health support are not overlooked.
Physical activity in males was cross-sectionally and longitudinally predictive of depressive symptomatology. Previous studies have demonstrated that sporting club involvement and level of physical exercise has been protective of mental health in male adolescent populations. 6 24 There is also evidence to suggest that physical activity significantly reduces the risk for future increases in depressive symptomatology in female adolescents. 51 Overall a greater proportion of males compared with females were classified as moderately or highly active and this may provide opportunity for males to develop skills (self-esteem, community involvement, resilience) that are protective from negative emotions that characterise depression. 52 Conversely, adolescent males who are inactive may lack motivation to become involved in such activities and may not experience such emotional benefit that over time leads to increased depressive symptomatology. Females were at such higher risk in experiencing depressive symptomatology that no benefits may have been observed through participating in physical activity, or that if benefits did exist, then another undetermined variable that was specific to females had greater impact.
Although prevalence of weight status was stable over time for male and female adolescents, males who were overweight or obese at baseline and remained overweight or obese at follow-up experienced significantly higher depressive symptomatology scores. This finding builds on those found at baseline that demonstrated increased odds for depressive symptomatology in overweight and obese males in 2012 after accounting for other obesogenic risk factors. Previous research has shown the link between overweight/obese weight status and depression, 3 however this relationship appears to be more prominent in female populations. 22 23 Sensitivity to body image and weight-based mental health concerns have most commonly been directed specifically towards females, 53 however the current findings demonstrate that males experiencing overweight and obesity are in need of mental health support. Further research is recommended, particularly considering the growing body of research suggesting it is weight perception as opposed to weight status itself, which impacts on mental health in adolescents. 54 55 Sweet drink and takeaway consumption has been linked to depression in adolescents in previous research. 7 56 Adequate nutrition is well established as a prerequisite for brain functioning and mood regulation, 57 as is appetite change as a symptom of clinical depression. 58 One previous study 59 found stronger associations between consumption of sweet and highsaturated fat foods (chocolates, cakes/biscuits/pastries) among women experiencing depressive symptoms compared with those not experiencing symptoms. In contrast, significant associations were found between sweetened and fatty foods in males without depressive symptomatology and no significant associations for those with depressive symptoms. Importantly, this current study demonstrated that increased frequency of takeaway consumption over the study period among females significantly predicted depressive symptomatology at follow-up, irrespective of baseline depressive symptomatology. Females have been shown to be more likely to exhibit extreme eating behaviours 60 61 and this relationship may be a result of a stronger dietary behavioural response to negative emotional experiences that characterises depression. Further research is needed to explicate the complex effects of the broad range and change in dietary patterns during adolescence. 62 Given the increased risk for depression among female adolescents, and the known negative health outcomes of high-energy dense foods 63 commonly bought at takeaway outlets, this finding warrants further exploration. Some limitations are important in the interpretation of the results found in this study. The main limitation was that the underlying study was a quasi-experimental design, and intervention and comparison groups were combined in this current study. Individuals in intervention schools were exposed to the ACT IYM programme. The programme aimed to improve nutrition and physical activity behaviours, and this was expected to impact on key variables analysed in this research. Despite this possible effect, initial analyses demonstrated a null intervention effect on depressive symptomatology and it was accepted that controlling for school participant attended was appropriate.
The main variables of interest were based on selfreport responses and this may have resulted in numerous biases. The participants of this study would have some understanding of what defines a healthy lifestyle and this may have introduced social desirability bias to some responses. Biases may have occurred as participants were asked to recall behaviours 'on the last school day'. This may have limited the extent to which overall lifestyle behaviours can be estimated, as it is based on a single day's estimate and may not represent behaviours during the weekend or holidays. This wording was selected as it allowed specific response and ensures a more user-friendly way of recalling information, appropriate for younger respondents. 35 Dichotomising participants into inactive/less active and moderately/highly active was another source of potential bias, as the influence of variations in activity levels and intensity may not have been accurately reflected in the analysis of two categories. Such biases were accepted as an inevitable outcome of examining a broad range of obesogenic behaviours and a more comprehensive analysis of physical activity is recommended for future research, particularly given the significant relationship found with depressive symptomatology.
An additional limitation was that a daily average of time spent using screen time for leisure was estimated based on responses to questions for weekdays and Saturday and Sunday. It is expected this variable may have provided a more comprehensive indication of activity, compared with the items used to categorise physical activity. Despite its various limitations the ABAKQ was an appropriate tool for this study given it is easy to administer to large groups, it is designed specifically for adolescent populations, and has been used previously to examine a broad range of diet and activity related behaviours. 35 64 There was a large non-participation rate at baseline (52% response rate). Although there were no significant differences in baseline characteristics between those followed up and those not followed up, adolescents experiencing mental or physical health conditions may have been less inclined to participate in this study due to physical or emotional symptoms associated with their condition. These groups may have therefore been under-represented in this sample. The participation rate obtained was in line with expectations, based on previous community-based studies of similar demographics. 63 Factors beyond lifestyle behaviours and weight status may have contributed to depressive symptomatology, such as previous episodes of depression, family history of depression or comorbidity of other diseases. The full range of potential influences were not measured in the current study and therefore not controlled for in analyses, which presents a further limitation to interpretation of the findings. This study is strengthened by repeat measures design, therefore eliminating the impact of between individual variability.
CONCLUSION
Findings from this study and others indicate that adolescents experience high levels of depression, obesity and exhibit poor dietary and physical activity behaviours. It is acknowledged that the true relationships between these health issues are likely to be multiple and complex, and most likely differ by population including by gender. This study supports addressing diet and physical activity as the foundation for obesity and also mental health outcomes among the adolescent population. It is recommended that intervention studies be considered highest priority for research and that mental health is evaluated alongside obesity indicators with sensitivity towards the complexity of the relationship between these health issues.
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